Introduction 57
Epidemiological research suggests early dietary exposure is a contributing factor in the 58 development of non-communicable diseases such as obesity, diabetes and food allergy (1) (2) (3) (4) . 59 In health conditions with some latency period between dietary exposure and outcome, past 60 dietary exposure is of more relevance than current dietary intake. However collection of data 61 about prior dietary intake is often reliant on memory, either immediate or in the distant past. 62 The accuracy, reliability and validity of retrospectively collected data compared to 63 prospectively collected data is therefore a very important question for nutritional 64 epidemiological research. 65 Although retrospective data collection has many potential advantages such as reduced 66 study duration and cost, it is highly subject to recall bias. Recall bias is the tendency of 67 subjects to report past events about exposure or outcome in a different manner between the 68 two study periods (5) . This error in recall can lead to misclassification of study subjects with a 69 resultant distortion of measure of association. Hence, recall bias contributes a major threat to 70 the internal validity of studies using self-reported data (6) and potentially may lead to incorrect 71 hypothesis generation. 72 Longitudinal research examining the effect of infant feeding habits on later health 73 often rely on maternal recall as a proxy measure of infant dietary intake. Outcomes such as 74 adult intelligence, obesity, serum cholesterol and risk of diabetes have all been investigated in 75 their relationship with breast feeding and breast feeding duration (7) . Factors including the 76 period of recall (8) , family size (9) , type of information recalled and mother's educational level 77 (10) have been found to influence the accuracy of information recalled. Conversely, maternal 78 age, race and the infant's gender does not appear to influence the accuracy of maternal recall. 79 Overall studies investigating recall of breastfeeding have had inconsistent findings. 80 Bland et al. (9) reported that 72% of mothers did not recall the period of exclusive 81 breastfeeding (EBF) accurately 6-9 months post-delivery; with 57% overestimating the 82 duration and 15% underestimating the duration. Agampodi et al. (11) reported similar findings 83 at nine months follow up, concluding that estimations of longer than observed EBF were 84 likely to be due to social desirability bias than recall bias. With regard to longer durations of 85 recall, Promislow et al. (7) assessed the validity of maternal recall of the duration of 86 breastfeeding in elderly US women 34-50 years later, reporting a sensitivity for recall of 87 having breast fed of 94%. Duration of any breast feeding therefore has been shown to be 88 more reliable than duration of EBF, which was also reported by Natland et al. (8, 12, 13) who 89 assessed reporting accuracy over an 8 year period.
90
In terms of introduction of solid food, research suggests dietary recall is also 91 unreliable. Gillespie et al. (14) reported that the age of introduction of solid foods tended to be 92 overestimated in interviews 1 -3.5 years after birth, compared to those within 3 weeks of the 93 event. Recall accuracy appears to diminish with increasing time gap. Vobecky et al. (8) 
94
reported that age at introduction of solids was recalled very poorly after eight years, with a 95 correlation of only 0.16 for meat and 0.35 for cereals. Barbosa et al. (15) also found little 96 agreement in the age at introduction of solid foods over a 6 year period of recall. Tienboon et 97 al. (16) examined mothers' recall of infant feeding practices after a period of 14 to 15 years, 98 demonstrating the timing of the introduction of solids and duration of breast feeding was less 99 accurately recalled than the recall of any breastfeeding.
100
Predictors for inconsistencies of recall with infant feeding practices have been shown.
101
Questions described in the literature are not always valid or reliable, for e.g. asking a mother 102 how long she breastfed exclusively for, without explaining exactly what EBF means as well 103 as using the question 'When did you stop breast feeding' to find out when a mother started 104 weaning. Another predictor for inconsistency of recall is when the criteria for agreement 105 changes over the two time points, for example, recording in weeks when a mother started 106 with the introduction of solid foods and asking her to recall in months.
107
Information regarding timing of introduction of solids food is of particular importance 108 in food allergy as this has led to important hypothesis generation in the past (17) . Food allergy 109 negatively impacts quality of life (18) and has a substantial impact on the health economy 110 (19, 20) . As there is currently conflicting evidence in the area of food allergy prevention (21, 22) , it 111 is particularly important that the evidence generated is robust. Of note, some studies that have 112 investigated pregnancy, breast feeding and weaning practices and the potential effect on the 113 development of food allergy have relied on parents reporting information up to 15 years 114 retrospectively (23) . Despite suspecting that this period of recall in food allergy prevention 115 studies may have an effect on the reliability of the data, it was still used to inform national 116 policies (24). There is paucity in the literature regarding the effect of recall bias on infant 117 feeding information obtained retrospectively and how this may affect the development of 118 allergic diseases. This study therefore investigated the impact of recall bias on the accuracy 119 5 of information obtained regarding breast feeding and weaning practices, specifically in 120 relation to food allergy and the introduction of allergenic foods. Methods and data from this study have been published previously in detail (25) (26) (27) .
129
In brief, all pregnant mothers with an approximate delivery date between 1 st September 2001 130 and 31 st August 2002 were approached at antenatal clinics. At 36 weeks gestation, a 131 validated maternal food frequency questionnaire was completed (25) . At 3, 6, 9 and 12 months, 132 information was obtained regarding feeding practices and reported symptoms of atopy, using 133 a standardised questionnaire. Children were seen at 1, 2 and 3 years when a medical The 2001/2002 questionnaires used at 3, 6, 9 and 12 months consisted of questions relating to 143 dietary intake when pregnant (25) , breast feeding practices in terms of exclusivity and 144 duration, age of introduction of formula and specific weaning foods and dietary avoidance.
145
Mothers were not informed that they would be answering some of these same questions at 146 any point again in the future. The questionnaires were tested for face validity by checking the 147 understanding of the questions with a separate group of mothers. Criterion-related validity 148 took place by comparing answers with those charted in participants' personal child health 149 record (also known as the child's "red book"). The personal child health record is given to • FAIR study: 969 families were recruited (91% of the total birth cohort, n=1063) [2001] [2002] [2003] [2004] [2005] [2006] • FAIR study -Prospective data gathered • Pregnancy FFQ at 36 weeks gestation (n = 937), 3 month (n = 927), 6 month (n = 913), 9 month (n = 900), 1 year (n = 900), 2 year (n = 858) , 3 year ( n = 891) questionnaires 2012
•10 year FAIR study follow up: Phase 1: 830 followed up, 583 had a skin prick test, Phase 2: 334 participated for blood tests/saliva samples and further questionnaires (Allergy Centre)
• Recall of infant feeding study : 125 participated -retrospective data gathered through a questionnaire 7 Non-random, purposive sampling was used. All parents of the 969 children who participated 157 in the original FAIR study (a non-selective group) and who attended the FAIR clinics during 158 the 10 year follow-up were asked to take part. Parents/carers attending the clinic who did not 159 complete the original feeding questionnaires were not included in the study. Maternal education level (n) 0.8% did not finish school (1) 33% School (41) 52.4% Further education (66) 13.7% Higher education (17) First born (n) 46% (58) Ever Sibling with food allergy (n) 19% (13) Diagnosed to food allergy using DBPCFC at age 1 (n) 1.6% (2) Diagnosed to food allergy using DBPCFC at age 2 (n) 0.8% (1) Diagnosed to food allergy using DBPCFC at age 3 (n) 1.6% (2) 199 There was substantial agreement between the answers reported in 2012 for duration of any period of recall was 95.7%. The sensitivity was 62.5%; therefore 37.5% of mothers recalled 209 that their child had some formula milk even if they did not 10 years earlier.
210
There was a substantial agreement in the reported age at which mothers introduced formula introduced at weaning. A food was either categorised as a standalone food item or a food 233 group, based on the categories set for the FAIR study (28) . Fifty three per cent (n = 66) of 234 mothers were able to recall two or more of the foods/food groups accurately, leaving 47% 235 who recalled one or no foods/food groups accurately. Rice, non-citrus fruit/juice and 236 vegetables (not potato or tomato) were the most common foods/food groups that were 237 accurately recalled. 87% (101/116) of mothers recalled correctly whether they had given their 238 child commercial baby foods 10 years earlier. Mothers were asked the age of their child when they first introduced some major food 243 allergen groups into their diet. Each major food allergen group was listed with an option for 244 mothers to select a categorical age range of introduction (< 3 months, < 6 months, < 9 months 245 and > 9 months). Table 2 shows the number and percentage of mothers that recalled correctly 246 when they first introduced certain allergenic foods into their child's diet. Most foods were 247 poorly recalled, apart from peanuts which showed 86% accuracy.
248 was computed to be 54.5%; therefore just under half of mothers who reported that they did 257 avoid food items 10 years earlier did not. From those mothers that were avoiding any foods, To our knowledge this study is unique as it is the first to demonstrate dietary recall bias in a 280 food allergy cohort, it captures data from maternal diet pre pregnancy through to advanced 281 stages of weaning and it specifically addresses recall bias in the age of introduction of 282 allergenic foods. This study using longitudinal, descriptive cohort data with a retrospective 283 analytical component was designed to explore recall bias relating to infant feeding practices 284 over a 10 year period. Data on breast feeding and infant feeding practices was collected 285 prospectively from mothers in the FAIR study (21) and the accuracy of recall was tested by 286 asking some of the same questions 10 years later. The results showed that it is reliable to ask 287 mothers questions related to breast feeding and formula feeding over a 10 year period. Less 288 reliable is recall relating to introduction of solid and allergenic foods and whether certain 289 foods were excluded from a child's diet during weaning.
290
In agreement with previous research of breast feeding recall over a 15 or 22 year 291 period (12, 13, 16) , the present study confirmed that asking a mother whether she breast fed her 292 child after 10 years is highly reliable. Natland et al. (13) specifically reported that close to 293 100% of mothers in Norway at the time were likely to have breast fed, even if for a week, 294 therefore the strong accuracy of recall may not be entirely applicable to populations where 295 BF rates are lower. Surprisingly in this study, results showed a sensitivity of 91%, meaning 296 there were some mothers who breastfed that did not recall breast feeding. As the majority of 297 mothers in the study breast fed for up to 1 month, it could be that some mothers didn't feel 298 that the short duration of breast feeding justified a 'yes' answer. We also found that it is 299 highly reliable to ask a mother to recall over 10 years how long she breast fed for and 300 whether exclusively or not. The influence of the duration of breast feeding has been 301 investigated for many health outcomes such as adult intelligence (29, 30) , obesity (3, 31) , diabetes 302 risk (32) , serum cholesterol (33) , and blood pressure (34) and for aspects of maternal health 303 including risk of breast cancer (35) , ovarian cancers (36) and osteoporosis (37) . Due to the 304 prolonged latency period between exposure and outcome, it is imperative to assess the 305 validity of studies investigating the accuracy of recall over long periods. Although some long 306 term recall studies reported good accuracy (8, 12, 13) , other studies with a shorter duration of 307 recall did not find this question as reliable (9, 11, 14) .
308
It is suggested that in case control studies cases are more likely to remember past 309 exposures owing to concern about their condition (5) . Cows' milk allergy (CMA) often 310 15 presents when formula milk is introduced. An assumption could therefore be made that 311 mothers of children with CMA are more likely to accurately recall when they first introduced 312 formula milk into their child's diet compared to mothers of children who were not allergic to 313 milk. We are not aware of any studies that have examined whether accuracy of recall of 314 infant feeding practices is affected by a diagnosis of allergy in the child the recall is based 315 upon. Unfortunately, due to low numbers of food allergic children, no significant conclusions 316 could be drawn from this study. Overall recall of timing of introduction of formula was 317 reliable, with 84% of mothers accurately recalling whether her child received a bottle of milk 318 formula within the first 1-2 days of birth. This is noteworthy as intervention studies have 319 previously reported that infants exposed to cows' milk formula in hospital immediately after 320 birth have a higher risk of developing CMA compared to those fed pasteurised human milk, 321 whey hydrolysate formula or are exclusively breastfed (2) .
322
The timing of introduction of solid and allergenic foods is a matter of significant 323 debate in the allergy field. Advice for parents/carers has changed over time as research in this 324 area has been conflicting (18, 20, 38) . The age at which solid foods were introduced into the diets 325 of infants was poorly recalled by mothers. There was a tendency for mothers to report that 326 they weaned earlier than they did a decade earlier, although there were also some mothers 327 that reported to wean much later too. Previous studies investigating the accuracy of recall of 328 the introduction of certain foods over time periods from 1-22 years also reported poor 329 accuracy (8, 12, 14) . One study (14) acknowledged that a poorly constructed question was used;
330
"When did you stop breast feeding" as the measurement for duration of breast feeding and 331 time point when solid food was introduced. This underlines the importance of constructing a 332 question appropriately to ensure that it extracts the answer it is intending to and making a 333 clarification between exclusive breastfeeding and any breastfeeding.
334
Overall the recall of age of introduction of allergenic foods was poor, with the 335 exception of peanuts. There was also a very poor agreement as to whether any foods were 
346
Food allergens cross the placenta from a mother to her child during pregnancy (42) .
347
Results of a study that investigated the exposure of peanuts during pregnancy and the 348 prevalence of peanut allergy (43) contributed to the development of national guidelines for 349 pregnant mothers of high risk infants to avoid peanuts during their pregnancy (24) . This study answer that the 8-year recall answer is assessed against is therefore not 100% accurate.
365
Unlike the majority of existing studies that have assessed the accuracy of recall of 366 infant feeding practices, this study also explores the duration of EBF, the introduction of 367 solids and allergenic foods on recall bias. Participation bias cannot be ruled out as recall data 368 was collected for 125 out of the 969 mothers; however recruitment stopped once adequate 369 numbers for power were reached. It is possible that social desirability bias may have 370 influenced the response to questions at either time points and that this influence could have The results of this study show that the accuracy of maternal recall over a 10 year period 379 varies considerably according to the specific aspect of infant feeding being recalled. Recall of 380 answers related to breast feeding and formula feeding agree substantially over these two time 381 points. Whether commercial baby food was provided and the age of introduction of peanuts 382 into a child's diet 10 years earlier is well recalled, however other aspects of introduction of 383 solid foods is poorly recalled. Mothers recalled avoiding peanuts during pregnancy well over 384 the two year period after birth, but a further 8 years on, peanut avoidance during pregnancy 385 was not so well-recalled. Whether a family history of atopy/allergy or diagnosis of food 386 allergy in the infant influences the ability to accurately recall infant feeding practices 387 warrants further exploration, but a larger study population will be needed. Studies that use a 388 retrospective collection of dietary data design need to carefully consider the strength of recall 389 bias when interpreting results. 
